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Abstract 
 This paper describes the use of the Levels of Concep-
tual Interoperability Model (LCIM) as a framework for con-
ceptual modeling and its descriptive and prescriptive uses. 
LCIM is applied to show its potential and shortcomings in 
the current simulation interoperability approaches, in partic-
ular the High Level Architecture (HLA) and Base Object 
Models (BOM). It emphasizes the need to apply rigorous 
engineering methods and principles and replace ad-hoc ap-
proaches. 
 
1. INTRODUCTION 
 Modeling and Simulation (M&S) is an emerging discip-
line. While modeling comprises the conceptual work of de-
fining the model by abstracting its data, processes, and con-
straints from reality, simulation focuses on the implementa-
tion of such models as executables, usually in the form of 
computer programs. As with any emerging discipline, the 
initial work is driven by the accomplishments of individuals. 
However, in order to make M&S a scientific discipline, a 
body of knowledge needs to be established that comprises 
engineering methods in support of standard operations. Sim-
ilar to system architecture and modeling concepts, as they 
have been established by Systems Engineering, frameworks 
and methods are necessary to capture and document our 
simulation systems. As the operational concept is part of the 
system description, the conceptualization must also be part 
of the simulation documentation. In order to support identi-
fication, selection, and composition of models and simula-
tion systems, current practices are not sufficient. 
 Within this paper, the Levels of Conceptual Interopera-
bility Model (LCIM) was evaluated to see to what degree it 
can support the different necessary artifacts. The results are 
based on research that tried to compose the different aspects 
highlighted in various publications on the LCIM into an 
overview and to derive new insights. It is first used as a 
frame for conceptual modeling. Second, its applicability as a 
descriptive as well as a prescriptive model is evaluated. Fi-
nally, it is applied to look at current simulation interopera-
bility standards, in particular the High Level Architecture 
(HLA) and Base Object Models (BOM). 
 
2. INTRODUCING A SYSTEMS ENGINEERING 
FRAMEWORK FOR SIMULATION INTEROPE-
RATION 
 Systems Engineering defines several principles that 
support the design of systems and documenting their func-
tionality and interfaces in a way ensuring that independently 
designed systems can interoperate with each other. Within 
this section, we will introduce the ideas of conceptual mod-
eling and capturing the resulting artifacts in a systematic 
way, using the LCIM as the guiding frame, in support of 
simulation interoperation. 
 
2.1. Conceptual Modeling and Interoperability 
 A conceptual model is the abstract and simplified repre-
sentation of systems for some specific purpose by languages, 
figures, tables, or other suitable artifacts. Robinson defines a 
conceptual model as "a non-software specific description of 
the simulation model that is to be developed, describing the 
objectives, inputs, outputs, content, assumptions, and sim-
plifications of the model." 
[1]
 Conceptual modeling is the 
process of creating a conceptual model. Based on his re-
search, Robinson proposes a definition, requirements, and 
conceptual modeling framework.
[1]
 Following Robinson‟s 
proposal, conceptual models and conceptual modeling: 
 reduce ambiguity, incompleteness, inconsistency, and 
mistakes in the description of requirements, 
 facilitate the communication between stakeholders in 
modeling and simulation processes, such as users, arc-
hitects, analyzers, domain experts, modelers, and de-
velopers, 
 form the basis and start for successive phases (analysis, 
design, implementation and application), 
 facilitate the Verification, Validation and Accreditation 
(VV&A) of models and simulation systems, and 
 promote the reusability, interoperability, and composa-
bility of simulation resources. 
-------------------------------------------------------------------------------------------------------------------------------
Wang W.G., Tolk A., Wang W.P., 2009. 
The levels of conceptual interoperability model: Applying systems engineering principles to M&S.
Spring Simulation Multiconference (SpringSim'09). San Diego, CA, USA.
(Published by SCS in the SpringSim'09 Proceedings)
 As such, conceptual modeling becomes a key enabler 
for Modeling and Simulation (M&S) services/components 
that are interoperable and composable. Petty and Weisel 
define composability as “the capability to select and assem-
ble simulation components in various combinations into 
valid simulation systems to satisfy specific user require-
ments.” [2] Furthermore, they distinguish between syntactic 
and semantic composability
[3]
. Hofmann observes that to 
compose simulation systems meaningfully and achieve valid 
interoperability among the simulation systems and underly-
ing models, the alignment and consistent comprehension 
should be reached at the conceptual model level
[4]
. Similar 
observations were made within the Simulation Interopera-
bility Standards Organization (SISO) within their Concep-
tual Modeling Study Group
[5]
.  
 To understand why conceptual models are important to 
interoperability and composability, it is necessary to under-
stand how machines gain understanding: they need a consis-
tent system description in form of machine-understandable 
meta-data regarding data, processes, and constraints
[6]
. The 
system – or the M&S service – is herein described by its 
properties that are grouped into propertied concepts (the 
basic simulated entities and attributes), the processes (the 
behavior of simulated entities and how their attributes 
change), and constraints (assumptions constraining the val-
ues of the attributes and the behavior of the system).  
 Similar ideas were first introduced by Zeigler when he 
published a model for understanding a system within anoth-
er observing system
[7]
. He introduces three premises that 
need to be supported by the annotations describing the M&S 
services. 
 The first premise is that the observing system has a 
perception of the system to be understood. This means 
that the properties and processes must be observable 
and perceivable by the observing system. The proper-
ties used for the perception should not significantly dif-
fer in scope and resolution from the properties exposed 
by the system under observation. 
 The second premise is that the observing system needs 
to have a meta-model of the observed system. The me-
ta-model is a description of properties, processes, and 
constraints of the expected behavior of the observed 
system. Without such a model of the system, under-
standing is not possible. In addition, it allows the inter-
nal “simulation of the observed system” to support ma-
chine understanding of what the observed system will 
do next (anticipation) or is capable of.  
 The third premise is the mapping between observations 
resulting in the perception and meta-models explaining 
the observed properties, processes, and constraints. 
 In summary, to gain meaningful interoperability and 
composability, descriptions of the service are needed allow-
ing for the creation of the perception of what - and how - the 
service will work out in support of understanding. This de-
scription must comprise the elements proposed by Robinson. 
In other words, the description must capture the objectives, 
inputs, outputs, content, assumptions, and simplifications of 
the models. This is where conceptual model works.  
 However, it is not easy to capture the elements of con-
ceptual models. First, there are many definitions, contents, 
and understanding on conceptual modeling which have not 
been widely accepted and standardized. Furthermore, Ro-
binson stated that there is no right conceptual model for any 
specified problem because the model is an agreement be-
tween more than one person (the modeler, clients and do-
main experts). Moreover, the three premises proposed by 
Zeigler are hard to reach even between two people (impli-
cated intent and meaning beyond words can be hard to un-
derstand and process). Therefore the conceptual interopera-
bility between two machines is hard to accomplish. Can 
conceptual interoperability and composability really be 
achieved? 
 Although it is a difficult problem, it should be at-
tempted, even if it will never be reached. Every step closer 
allows for lessons learned and helps the repetition of avoid-
able mistakes. Although we may not be able to prove that 
two systems are conceptually interoperable, we may find 
ways to point to critical areas or to show when two systems 
are NOT conceptually interoperable. Additionally, we can 
use the idea of "divide and conquer"; go towards the con-
ceptual interoperability goal step by step using hierarchical 
approaches. The LCIM
[8]
 is the method and model towards 
conceptual interoperability and composability with these 
ideas chosen within this paper as a promising engineering 
method. 
 
2.2. Levels of Conceptual Interoperability Model 
 Systems Engineering requires a reproducible and well 
documented approach. In other words: a framework is re-
quired to capture the artifacts needed for simulation intero-
peration. LCIM was proposed to deal with conceptual inte-
roperability issues beyond technical interoperability. There 
are several levels of interoperability models in technical 
domain such as Levels of Information Systems Interopera-
bility (LISI) model, the NATO Model for Interoperability 
etc.
[9]
. However, meaningful interoperability of simulation 
systems on the implementation level requires composability 
of the underlying conceptual models
[8]
. LCIM divides con-
ceptual interoperability into layers to cope with these prob-
lems. 
 LCIM was originally proposed by Tolk and Muguira
[8]
. 
After continuous evolution, it forms the latest version illu-
strated in Figure 1. 
[10-12]
  
 The seven levels from „no interoperability‟ to „concep-
tual interoperability‟ are notated from L0 to L6, whose im-
plications are listed in Table 1. Bottom-up refers to from L0 
to L6, top-down vice versa.  
  
 Table 1. Implications of LCIM 
Level Layer 
Name 
Premise Information 
defined 
Contents clearly defined Domain Focus Ca-
pabil-
ity 
L6 Conceptual Common conceptual 
model 
Assumptions , 
constrains etc. 
Documented conceptual 
model 
Modeling ab-
straction 
Compo-
sability 
High 
L5 Dynamic Common execution 
model 
Effect of data Effect of information ex-
changed 
L4 Pragmatic Common workflow 
model 
Use of data Context of information 
exchanged 
Simulation im-
plementation 
Interope-
rability 
Me-
dium 
L3 Semantic Common reference 
model 
Meaning of 
data 
Content of information 
exchanged 
L2 Syntactic Common data structure Structured data Format of information 
exchanged 
L1 Technical Common communica-
tion protocol 
Bits and bytes Symbols of information 
exchanged 
Network con-
nectivity 
Integra-
tability 
Low 
L0 No No connection NA NA 
 
After several years of development, LCIM is becoming 
more and more mature and is gaining more recognition. (In 
November 2008, LCIM was referenced in Wikipedia
[13]
, and 
LCIM has been cited 79 times according to Google scho-
lar's statistics
[14]
.) Besides the simulation interoperability 
community, LCIM is used by scientists of multiple discip-
lines to deal with problems in their communities
[10]
, e.g. 
system biologist and ontology researchers. This shows that 
LCIM has wide application potential. 
 
 
Figure 1.  The Levels of Conceptual Interoperability Model 
 
3. DESCRIPTIVE AND PRESCRIPTIVE ROLES 
 Systems engineering distinguishes between explaining 
(descriptive) and mandating (prescriptive) models. LCIM 
can serve in both functions
[11]
: In its descriptive role, LCIM 
describes the levels and properties of interoperability exist-
ing within a composition of systems. In the prescriptive role, 
LCIM prescribes the methods and requirements that must be 
satisfied during the engineering of a system of systems to 
achieve a desired level of interoperability. Referring to the 
definitions of descriptive linguistics
[15]
 and prescriptive lin-
guistics
[16]
 in addition to the definitions of descriptive and 
prescriptive models by Department of Defense (DoD)
[17]
, we 
define the descriptive and prescriptive roles of LCIM and 
clarify their relationships as the basis for later investigation. 
 
3.1. Descriptive Role 
 Referring to the definition of descriptive model by the 
DoD
[17]
, we define the descriptive role of LCIM as the role 
used to depict or analyze the ability, properties, characteris-
tics and the levels of conceptual interoperability of an exist-
ing system or system of systems. In this case, LCIM serves 
as a documentation and maturity model. The goal of de-
scriptive role is to describe how existing systems are intero-
perating and what level of conceptual interoperability can be 
reached by user's specific approaches without prescription. 
The outcome of descriptive role can be used to evaluate the 
interoperability of existing systems and inform the users of 
the current properties and capabilities of interoperability. 
The following cases can be identified by the descriptive role: 
It is possible that two models are derived from exactly the 
same concepts, but their implementations differ. It is also 
possible, that the same entities are used in the simulation, 
but represent different concepts. It also shows technical 
problems, like one system using UDP/IP, the other using 
TCP/IP. In the descriptive role, LCIM is used to show the 
gaps that need to be closed. 
 The characteristics of the descriptive role are listed as: 
 Real systems or system of systems that have been im-
plemented or existed; 
 The specific technical approaches, implementations and 
documentations are known; 
 LCIM is used as a maturity model. When higher levels 
are reached, the lower levels must have been satisfied; 
 The levels are mutual supportive bottom-up. The lower 
level is the premise of the higher and the higher needs 
the implementation of lower levels. 
The contents of descriptive role at each level are shown in 
Table 2
[11]
. 
 
Table 2. Descriptive Role of LCIM 
Levels Description of Interoperability at this level 
L6(Conceptual) Interoperating systems at this level are com-
pletely aware of each others information, 
processes, contexts, and modeling assumptions. 
L5(Dynamic) Interoperating systems are able to re-orient 
information production and consumption based 
on understood changes to meaning, due to 
changing context as time increases. 
L4(Pragmatic) Interoperating systems will be aware of the 
context (system states and processes) and mean-
ing of information being exchanged. 
L3(Semantic) Interoperating systems are exchanging a set of 
terms that they can semantically parse. 
L2(Syntactic) Have an agreed protocol to exchange the right 
forms of data in the right order, but the meaning 
of data elements is not established. 
L1(Technical) Have technical connection(s) and can exchange 
data between systems 
L0(No) NA 
 
 The use and processes of descriptive role are describe 
the documentation, specific approach, and implementation 
of interoperating systems from L0 to L6 according to Table 
2, and evaluate the levels they can reach. If the recommend-
ed approaches in Table 3 are used in the implementation, 
then the systems can be described and judged by referring to 
the prescription role in Section 3.2.    
 
3.2. Prescriptive Role 
 Referring to the definition of prescriptive model by 
DoD
[17]
, we define the prescriptive role of LCIM as the role 
used to depict and prescribe the ability, properties, characte-
ristics and the levels of conceptual interoperability of a pro-
posed system or system of systems. In other words, it pre-
scribes the approaches and requirements that must be satis-
fied to accommodate a target degree of conceptual represen-
tation between systems. In this case, LCIM serves as a con-
ceptual interoperability guidance model. The interoperabili-
ty or real systems may even not exist. As a prescription, 
LCIM gives users a metric of requirements to reach a cer-
tain level of conceptual interoperability. 
 The characteristics of the prescriptive role are listed as 
the following: 
 Real systems or system of systems do not exist or in the 
phase of conceptual modeling; 
 As an interoperability guidance model, LCIM can be 
used to recommend the required conditions and possi-
ble engineering approaches to reach a certain interope-
rability level; 
 Top-down mappings are needed from conception to 
implementation. If problems are only dealt with at the 
conceptual level without any real systems, the lower le-
vels are unreachable until real systems are imple-
mented; 
 The levels are mutually supportive bottom-up, mapped, 
and refined top-down. Higher levels need the imple-
mentation of the lower. There are much work to do for 
the mapping from the higher to the lower; 
 Only reaching the higher level is not enough, full spec-
trum interoperability at all the levels is needed especial-
ly for the prescriptive role of LCIM; 
 As the development of techniques, the recommended 
approaches by the prescriptive role are ever changing 
and evolving and only have relative stability in a certain 
period. 
 In practice, systems are often developed from concep-
tual models to design models and final implementation 
models and applications or define objectives, perform con-
ceptual analysis, design federation and develop federation 
process in FEDEP. The prescriptive role of LCIM is used to 
facilitate the transformation from conceptual modeling to 
systems implementation focusing on the interoperation as-
pects. LCIM is a guide - or check list - how to reach the 
target. In this case, it builds logically top-down. 
 Referring to the literature
[11,18,19]
, the contents of pre-
scriptive role at each level are illustrated in Table 3. From 
which Ontology, Unified Modeling Language (UML), 
Model Driven Architecture (MDA), and Discrete Event Sys-
tem Specification (DEVS) are the important approaches to 
enhance the conceptual interoperability and composability. 
 The use and processes of prescriptive role are synthe-
sizing and balancing the goal, scheduling, conditions, costs 
etc., deciding the highest level that should be reached.; de-
termining the information exchange requirements and 
choosing the proper approaches and data structures, seman-
tics and so on according to Table 3; refining problems and 
objectives, analyzing and mapping top-down and select ap-
proaches at lower levels to guide the design and implemen-
tation. 
 
3.3. Comparison and Relationship between Descriptive 
and Prescriptive Roles 
 The descriptive and prescriptive roles apply to LCIM 
through different viewpoints. To reach semantically lossless 
interoperation, all levels are needed in both cases. Descrip-
tion and prescription have differences and similarities as 
illustrated in Table 4.  
  
Table 3. Prescriptive Role of LCIM 
Levels Prescription of Requirements to reach this Level Common Reference Engineering Approaches 
L6(Conceptual) A shared understanding of the conceptual model of a 
system (exposing its information, processes, states, and 
operations). 
DoDAF; Military Mission to Means Framework; Platform 
Independent Models of the Model Driven Architecture; 
SysML 
L5(Dynamic) The means of producing and consuming the definitions 
of meaning and context is required. 
Ontology for Services; UML artifacts; DEVS; complete 
UML; BOM 
L4(Pragmatic) A method for sharing meaning of terms and methods 
for anticipating context are required. 
Taxonomies; Ontology; UML artifacts, in particular se-
quence diagrams; DEVS; OWL; MDA 
L3(Semantic) Agreement between all systems on a set of terms that 
grammatically satisfies the syntactic level solution 
requirements is required.  
Common Reference Model, such as C2IEDM and CADM; 
Dictionaries; Glossaries; Protocol Data Units; RPR FOM 
L2(Syntactic) An agreed-to protocol that all can be supported by the 
technical level solution is required. 
XML; HLA OMT; Interface Description Language; COR-
BA; SOAP 
L1(Technical) Ability to produce and consume data in exchange with 
systems external to self is required. 
Network connection standards such as HTTP; TCP/IP; 
UDP/IP etc. 
L0(No) NA NA 
 
 
 
Table 4. Comparisons between the Descriptive and Prescriptive Roles of LCIM 
Items Descriptive Role Prescriptive Role Relationship 
Purpose Act as interoperability maturity model 
to evaluate the interoperability and 
composability of existing systems 
Act as interoperability guidance model to pre-
scribe and guide the interoperability and compo-
sability design and implementation of proposed 
systems 
1. Both base on the basic le-
vels and meanings of LCIM 
2. Both concentrate on and are 
limited to the data exchange 
focus 
3. Both have some similar 
content. 
4. Complementarily: Prescrip-
tion and description are essen-
tially complementary and can 
be combined for certain pur-
poses. 
5. Conflict: Collisions may 
occur when reality does not 
conform to expectation, espe-
cially when integrating exist-
ing systems to system of sys-
tems for a certain conceptual 
interoperability goal. Compel-
ling means may be used by 
government for these circums-
tances. 
6. When specific methods 
described by the descriptive 
role prevail and are standar-
dized, they may be accepted 
by the prescriptive role. 
Form of 
objects 
Existing systems may have  interope-
rability 
Proposed systems without interoperability 
Stakeholder Users, VV&A users Decision makers and designers 
Applicable 
phase 
Late phases such as VV&A and after 
action review etc. 
Early phases such as requirements analysis and 
conceptual design etc. 
Utility Evaluate the degree of conceptual 
representation between interoperating 
systems. Accept and evaluate specific 
approaches actually used. 
Provide a metric of requirements to reach a cer-
tain degree of conceptual interoperability. Rec-
ommend the required conditions and possible 
engineering approaches. 
Principle Describe what data and how current 
systems exchange in practice. 
Guide the proposed systems as to how and what 
data and form should be exchanged. 
Content Objectively describe current interope-
rability without comments or bias. 
Accept non-standard and specific 
approaches. 
Prescribe the requirements, rules, recommenda-
tions, or avoidable mistakes for systems to reach 
a certain level. Try to avoid non-standard ap-
proaches. Improvements to old standard ap-
proaches can be accepted when they are standar-
dized. 
Application 
Context 
Various applications used by private 
community or individuals. Not con-
strained by government standards or 
formal circumstances. 
Education, publishing or compulsory formal 
standards or circumnutates by government spon-
sors (e.g. The compelling use of HLA standard 
by DoD) 
Process Check and aggregate bottom-up Refine and implement top-down 
  
The combinations of the two roles can facilitate better solu-
tions to interoperation and composition problems. There are 
two kinds of combinations. One is from scratch without any 
existing and implemented systems. Prescription can be first 
used with the analysis to the interoperation objectives, costs, 
conditions and so on. As the refinement and implementation 
gradually, the descriptive role can be used to evaluate the 
interoperability of that process. The gaps from reality to 
objective must be found to facilitate the design and imple-
mentation in later processes. The prescription - description - 
prescription again - description again iterative cycle can be 
used in this case. The other kind of combination is reuse-
based. Some systems or subsystems have existed or been 
implemented and need to be integrated to reach a certain 
interoperation goal. The description and evaluation - pre-
scription - objective execution - description - evaluation 
iterative cycle can be used. In both cases, LCIM can be seen 
as the two sides of a coin - one is what exist or have done, 
the other is what needs to be done. 
 
4. APPLICATION OF LCIM TOWARD THE COM-
POSABLITY OF HLA AND BOM  
 In this section, HLA and BOM are taken as the exam-
ples to illustrate the use of descriptive and prescriptive roles 
of LCIM to evaluate, analyze, and recommend composable 
solutions formulated in the respective paradigms. The de-
scriptive role is used to analyze composability of existing 
systems using HLA or BOM. Next, the relationship between 
LCIM and BOM is presented. This shows that BOM is the 
important step toward conceptual interoperability and com-
posability. Finally, the prescriptive role is used to give some 
recommendations to improve the composability of BOM 
and HLA. 
 
4.1. Current Composability of HLA and BOM 
 HLA
[20]
 is an IEEE simulation standard and widely 
used as a common simulation framework to support the in-
teroperability and reusability of various simulation applica-
tions. BOM
[21]
 is a component-based simulation object spe-
cification to improve the composability, reusability, and 
interoperability at the conceptual model level. BOM can be 
used within the HLA approach, but BOM is independent 
from HLA and has been successfully applied using other 
approaches as well. 
 Driven by the extension of the application scope, the 
development of new technology and the need of net-centric 
simulation in Global Information Grid, many deficiencies 
on interoperability, extensibility, and reusability of HLA 
have been revealed during the past decade. Meanwhile, to 
facilitate the reusability of simulation resources and rapid 
development of applications, composable simulation
[3,8,22,23]
 
has drawn significant attention in M&S community in re-
cent years. As the leading standard in the distributed simula-
tion community, HLA should also be extended to improve 
composability itself. A recent peer survey
[24]
 reveals that the 
practical relevance and revision of HLA are still the future 
trends in distributed simulation. 
 The composability of HLA focuses on the object mod-
els. BOM facilitates the composability of HLA framework 
at the conceptual level in general. Other approaches, such as 
the modular Federation Object Model / Simulation Object 
Model (FOM/SOM)
[25,26]
 approach, are still focusing on the 
implementation level. While a strong connection to HLA is 
not a negative trend per se, alternative domains, such as 
service-oriented architectures and Web Services, will be of 
increasing importance in the future 
[27,28]
. 
 With the descriptive role of LCIM, the level of intero-
peration for BOM and HLA solutions, such as FOM/SOM, 
FOM/SOM module, Management Object Model (MOM), 
Real-time Platform Reference (RPR)-FOM, and RPR-BOM, 
can be evaluated in Figure 2. The vertical axis stands for the 
increasing levels of interoperation, while the horizontal axis 
represents the increasing component granularity of object 
models. 
 
 
Figure 2.  Composability of BOM and HLA Object Models 
 
There are four kinds of relationships depicted in Figure 2. 
 Composition relationship means that several fine granu-
lar components can be composed to a course one. 
 Extension relationship stands for some extensions that 
can be made on standard object models to fit specific 
applications. 
 Transformation relationship refers to BOM assembly, 
which can be transformed to FOM/SOM modules or 
FOM/SOM by mechanisms such as XSLT. 
 Aggregation relationship refers to MOM - each FOM 
has one and only one. 
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 According to the descriptive role of LCIM, the Runtime 
Infrastructure (RTI) implementations used by HLA federa-
tions systems generally adopt TCP/IP, UDP/IP, or HTTP 
protocols, which are at the technical level. FOM is the core 
of HLA federations. FOM/SOM modules, SOM and MOM 
can be composed to FOM. They all conform to the HLA 
OMT specification. OMT specifies the structure but not 
semantic of data exchanged, hence FOM/SOM, FOM/SOM 
module and MOM can only reach the syntactic level. RPR-
FOM specifies standard common information exchange 
reference models. Users can gain a common agreement al-
lowing RPR-FOM to reach the semantic level. BOM targets 
the conceptual level, but the assumptions and constrains can 
not be easily captured by the UML artifacts that BOM uses. 
Hence BOM can not reach the conceptual level. However, 
the UML models used allow it at least to get up to the dy-
namic level. 
 The level of interoperation supported by HLA can be 
concluded from Table 2. At present, HLA can only reach 
the syntactic level in general. Especially FOM, the core of 
HLA, constrains the interoperability and composability. 
HLA is good at simulation interoperability, but lays little 
emphasis on model composability. It can further be seen 
from Figure 2 that modular FOM/SOM refines the compos-
able granularity and improves the composability. The use of 
RPR-FOM increases the HLA level of interoperation up to 
the semantic level, but only within the application range of 
this specific FOM. BOM refines the composable granularity 
and greatly improves the levels of interoperation, as the 
standard requires the rigorous definition of artifacts on all 
levels, including first elements for the conceptual level. 
 
4.2. Improving BOM using LCIM 
 By integrating artifacts of conceptual models and im-
plementation details into the standard, BOM improves com-
posability, interoperability, and reusability. As such, BOM 
plays an important role to improve the composability of 
HLA without being limited to the HLA domain. Meanwhile, 
LCIM is a good theory or model to evaluate the levels of 
interoperability and composability. The relationships be-
tween BOM and LCIM need further research. 
 The BOM standard uses artifacts to describe the sup-
ported M&S service on all levels. These artifacts describe 
entities, events, and aspects of behavior, which was defined 
by patterns of interplay and state machines. In addition, the 
object models interfaces, model mappings from conceptual 
models to object models and metadata are also included. 
 Research on BOM conducted at the authors‟ institutes 
show that the focus BOM lays on the conceptual, semantic, 
syntactic levels and the mappings among them. XML ex-
pression makes BOM at least up to the syntactic level. Mo-
radi et.al. proposed a method using OWL to enrich BOM 
semantics
[29]
. Mojtahed et. al. presented two methods to 
semantically extend BOM
[30]
. There are many compositions 
to use the four parts of BOM (metadata, conceptual model, 
mapping conversation and object class interface)
[31]
. They 
are all dedicated to making BOM cover wider and higher 
conceptual interoperability levels. 
 In summary, BOM can be seen as a bridge between the 
conceptual space to implementation space
[32]
. BOM com-
prises artifacts to address all levels of interoperation ad-
dressed by the LCIM. However according to the prescriptive 
role of LCIM and the elements defined by Robinson, BOM 
does not capture the assumptions and constrains of concep-
tual models, so it is not sufficient for composability as ex-
pressed by the conceptual level of the LCIM. It is not the 
fault of BOM but the limitation of UML. Hence BOM can 
only satisfy up to the dynamic level. However, BOM is the 
only simulation standard known to the authors that is not 
built exclusively on the data exchange paradigm but recog-
nizes the fact that how and where the data are needed is im-
portant as well. Although the conceptual model of BOM 
needs to be improved, it is the most advanced simulation 
standard available. 
 Using ideas to capture data, processes, and constraints 
regarding scope, resolution, and structure on all levels of 
interoperation, as recently recommended by Tolk et al.
[6]
, 
the BOM standard may be improved to become not only a 
system engineering frame for simulation, but also serves as 
a template providing the artifacts needed to support all le-
vels of interoperation.  
 Using the prescriptive role of LCIM, even stronger 
suggestions to improve the levels of interoperation sup-
ported by HLA in general and by BOM in particular can be 
recommended. While description looks at each layer indivi-
dually, prescription must ensure that all layers of interopera-
tion up to the required level of interoperation are satisfied. 
BOM supports a structure to satisfy this requirement, but 
currently lacks some artifacts. The most obvious one is the 
inability to effectively cope with assumptions and con-
straints. Additional research regarding conceptual, pragmat-
ic, and semantic artifacts of BOM supporting the idea of 
machine understandability as introduced by Zeigler is also 
required. Another topic requiring additional research is the 
possible combination of BOM and modular FOM/SOM
[26]
 
ideas, resulting in modular and reconfigurable BOM com-
prising all artifacts needed to support intelligent agents with 
the necessary metadata needed for identification, selection, 
composition, and orchestration of M&S services. 
 All these contributions also support HLA improvements. 
However, as previously stated, simulation interoperation is 
not limited to this domain. Alternative domains must remain 
a topic of research. Besides the approaches surveyed by 
Weisel
[3]
,  the MDA
[33,34]
, the DEVS formalism with all its 
extensions
[35,36]
, Ontology Research
[11,35]
, and service-
oriented architectures
[34,36]
 are promising candidates to im-
proving composability. Currently, HLA Evolved
[37]
 targets 
are used to enhance and improve the interoperability, com-
posability and reusability of HLA. 
 
5. CONCLUSION 
 The LCIM started as a model to explain the needs to be 
specified to insure interoperation on different levels. These 
levels are all mutually supportive and form a sort of spec-
trum starting with the question "What do I model?" on the 
conceptual side and ending with the question "How do I 
model it?" on the technical side. Interoperation is only poss-
ible - in a meaningful way - if the technical structures are 
aligned with the conceptual ideas. As such, the LCIM is a 
framework describing a spectrum from what is conceptually 
modeled to how this is technically implemented. It re-
quested that data (entities, propertied concepts) and how 
they are used (process concepts, methods) and the con-
straints are described by artifacts following the ideas of sys-
tem architecture and modeling as known from the domain of 
system engineering. These descriptions must support the 
semantic loss-free mediation of viewpoints, as models may 
differ in scope, resolution, and structure on all levels. 
 The BOM standard is the first simulation interoperabili-
ty standard that is not limited to pure data exchange specifi-
cations. While the artifacts used by BOM are insufficient to 
support all levels of interoperation as specified by LCIM, 
they build a solid foundation and the enhancement of BOM 
using the LCIM recommendations looks promising. 
 Evaluating the current research as reflected in journals 
and conference papers, there isn‟t much research and appli-
cations focusing on pragmatic and dynamic levels. Most 
research seems to be concentrating either on the conceptual 
level or on the semantic and syntactic level. While these 
papers address key issues in the processes of conceptualiza-
tion as well as processes for design and implementation, 
they do not support a common understanding of states, 
processes, context etc. The framework proposed in this pa-
per may contribute to merging the results in support of a 
common simulation engineering approach. 
 At first glance, the necessity for transparency required 
for composable services seems to conflict with the ideas of 
modularization and encapsulation. The loose coupling of 
services seems to contradict the rigorous requirements de-
rived from the LCIM. However, if such artifacts are used, 
the concepts of loose coupling can still be supported while 
at the same time the composition of services that are con-
ceptually not interoperable can be avoided. If this was not 
the case, technically feasible compositions are conceptually 
meaningless, and the results of such compositions are 
worthless. However, more research is needed in this domain 
as well. 
 The authors want to set a research agenda with this pa-
per. Discussions and improvements are highly encouraged, 
as this can only be the beginning. 
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